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Review of micro- and nanoplastic contamination in the food chain
Brigitte Toussaint*, Barbara Raffael*, Alexandre Angers-Loustau, Douglas Gilliland, Vikram Kestens,
Mauro Petrillo, Iria M. Rio-Echevarria and Guy Van den Eede

European Commission, Directorate-General Joint Research Centre, Geel, Belgium

ABSTRACT
Whereas the dramatic environmental impact of plastic waste rightfully receives considerable
attention by scientists, policy makers and public in general, the human health impact of micro-
and nanoplastics contamination of our food and beverages remains largely unknown. Indeed,
most studies aim at understanding the environmental impact rather than the human health
impact of a possible exposure to micro- and nanoplastics. In addition, these papers generally lack
a methodological, standardised approach. Furthermore, some studies focus on the damage to
and contamination level of animal species collected from the wild environment, and others
investigate the rate and biology of microplastic uptake of animals fed with microplastics in
laboratory. This review aims at understanding human exposure. Since there is, with few excep-
tions, no evidence available on the presence of micro- and nanoplastics in a normal diet, this
study takes an indirect approach and analyses peer-reviewed publications since 2010 that
document the presence of micro- and nanoplastics in those animals (more than 200 species)
and food products that are part of the human food chain and that may thus contribute directly or
indirectly to the uptake of micro- and nanoplastics via the human diet. It also addresses the
question of the definitions, the methodologies and the quality criteria applied to obtain the
reported results. This review suggests that, beyond a few estimations and comparisons, precise
data to assess the exact exposure of humans to micro- and nanoplastics through their diet
cannot be produced until standardised methods and definitions are available.
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Introduction

Some 300 million tonnes of plastics were pro-
duced globally in 2013 (Worldwatch Institute
2015). According to the same report, this repre-
sents an increase of 4% over the previous year. In
Europe, 26% of the plastic produced in 2012 for
consumer use was recycled, 36% was incinerated
for energy generation and the remaining 38% was
disposed of in landfills. The same authors estimate
that approximately 10 to 20 million tonnes of
plastics finally find their way into the oceans.

Plastic pollution is of critical concern due not
only to the increased production and disposal of
plastic debris and products but also because of
their low biodegradability. Most plastic debris per-
sists in the environment for centuries and may be
transported far away from their source. The first
priority and fundamental problem to be tackled is

undoubtedly the human consumption, use and
disposal of plastics (Rist et al. 2018).

The appalling example is the Great Pacific
Garbage Patch (Moore and Phillips 2012;
Lebreton et al. 2018), also named the 7th continent,
in the Pacific Ocean. It is a 1.6 million square
kilometres of 79 thousand tonnes of floating plastic
garbage (more than three times the size of Spain).
Microplastics constitute 94% of the patch in terms
of pieces number.

Microplastics, whose definition will be discussed
in this paper, are usually considered as debris with
sizes below 5 mm (Weinstein et al. 2016). They
result from the fragmentation of larger plastic
objects (secondary microplastics) and from the direct
release of small plastic particles from human activ-
ities (primary microplastics). Similarly, nanoplastics,
with size between 1 and 100 nm (EFSA 2016), can be
produced by degradation of microplastics or might
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be released directly from domestic and industrial
sources.

Today, micro- and nanoplastics are ubiquitous
in the environment. They can be found in indoor
and outdoor air, in water and sediments and in
terrestrial and aquatic organisms. Their main
sources vary but come largely from single-use
plastics and fishing gear to clothing and cosmetics,
agricultural textiles and runoff, paints, tyres, urban
dust. They can pass through wastewater treatment
plants that are not specifically designed to retain
them. Consequently, they build up at larger popu-
lation densities (Browne et al. 2011) and their
distribution is influenced by water and air move-
ments, such as sea currents and winds, and parti-
cle density (Engler 2012). In particular, oceans
accumulate plastics being a natural and final reser-
voir and consequently ocean flora and fauna are
exposed (Li et al. 2016).

Whereas the ecological impact of plastic litter is
evident clear, there is so far no indisputable evi-
dence of the effects of micro- and nanoplastics on
human health. A hypothetical threat to human
health from microplastics can occur by the intake
of microplastics through the food chain. Food can
be contaminated by microplastics either by direct
exposure in the environment, or by trophic trans-
fer of microplastics between predators and preys
in edible species.

The impact on human health can derive from the
chemo-physical nature of the micro- and nanoplas-
tics and the potential tissue damage they can cause,
but also from the fact that they might be carriers of
potentially toxic chemicals (Mato et al. 2001; Rios
et al. 2007; Teuten et al. 2009; Hirai et al. 2011;
Wegner et al. 2012; Rochman 2016; Wilkinson
et al. 2017; Hahladakis et al. 2018) and microorgan-
isms (Oberbeckman et al., 2015). However, an effec-
tive risk assessment can only be done in when
conclusive human exposure data become available.

Unfortunately, few data are available on the
presence of micro- and nanoplastics in the
human diet. Therefore, we took a broad, indirect
approach and we performed a critical analysis of
peer-reviewed papers on micro- and nanoplastic
contaminations in food and in edible animal spe-
cies since 2010. We retrieved more than 4 200
papers by querying Scopus (Elsevier’s Scopus).
The query1 was derived from the ones described

in the overview on the presence of microplastics
and nanoplastics in food, with a particular focus
on seafood as done by the European Food Safety
Authority (EFSA 2016). By using an in-house
developed knowledge management system that
categorises papers by assigning keywords, about
500 documents were selected for further reading
as they have been categorised as food-related, out
of which around 200 papers contained data that
could be used in this review. Some of the other
papers either did not report data or reported data
that were too approximate for our scope. In total,
we collected data regarding the microplastic con-
tamination of 201 edible animal species (164 sea
fish, 23 molluscs, 7 crustaceans, 2 birds, 2 sweet
water fish, 2 turtles, chicken), some food products
(canned sardines and sprats, sea salt, sugar and
honey), as well as beer and water.

Such an approach should reach a double goal: 1.
It should give an overview of the levels of micro-
plastic contamination in the human food chain; 2.
It should illustrate the analytical methodologies
generally applied and, where gaps are found,
should allow the identification of mitigation mea-
sures (e.g. development of validated methods and/
or (certified) reference materials).

In a recently published paper (Antão Barboza
et al. 2018), an approach to highlight possible food
contamination similar to the one proposed in the
present paper was discussed. The authors make
a distinction between contamination with micro-
plastics of marine species (they reported studies
for about 90 species) that can be part of the
human diet and contamination of processed
foods and beverages (as 7 different ‘food items’)
that are already intended for human consumption
and they compiled a list of contaminated organ-
isms. The present paper elaborates the issues
further by enlarging the number of species and
by reviewing the analytical methodologies used to
obtain these contamination levels and the quality
assurance measures applied (cross-contamination
prevention, blank analysis).

From our review, it is evident that there are two
main challenges to assess the human exposure to
micro- and nanoplastic in food: 1. The absence of
an internationally agreed definition of micro- and
nanoplastics; 2. the heterogeneity of the methodol-
ogies and experimental designs applied, hampering
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the reproducibility of the data and therefore not
allowing any scientific conclusions to be drawn. For
this reason, this paper provides a detailed descrip-
tion of all the aspects to be considered in a proper
definition (i.e. particle size, shape and composition)
and it reviews the state of the art of the methods
available for the detection and characterisation of
microplastic particles and the need for standardisa-
tion. Furthermore, after defining microplastics and
developing standard methodologies, this paper
recommends that evaluation of the average con-
sumption levels of all potentially contaminated
food products per year per capita, in different
regions of the world, would be very useful for the
exact assessment of the human exposure to micro-
plastics through the diet.

Routes of contamination

Microplastics are present in all compartments of
the environment (Dris et al. 2016). Therefore,
understanding the microplastics contamination
routes of our foods and beverages is a key element
towards the evaluation of the extent of food
contamination.

The supplementary figure Fig. S1 illustrates
both the different sources of microplastic particles
(domestic, industrial, agricultural and fishing use/
production/waste of products containing plastic
particles) and the possible routes by which these
particles are released into the environment and
eventually may enter the food chain (mostly
through water and air). It also reveals the potential
spread of microparticles through the environment
and their impact on food products and beverages.
However, we recognise that the supplementary
figure Fig. S1 is simplifying the issue and can
only be indicative because microplastics present
in an environmental matrix do not per se end up
in food products. Instead, typically only very small
numbers of plastic particles are found in the food
products. Also, a typical food chain is composed
of many different intermediate food processing/
treatment/distribution steps and each step could
potentially cause contamination by microplastics.

Nevertheless, in an attempt to understand the
potential human food chain contamination and
based on studies described in literature, many of
the routes are postulated: contamination of

seawater (Buchanan 1971; Carpenter and Smith
1972; Lusher 2015), contamination of soil, waste
water and sludge (Zubris and Brian, 2005; Browne
et al. 2011; Mason et al. 2016; Steinmetz et al.
2016, 2016; De Souza Machado et al. 2017;
Horton et al. 2017; Weithmann et al. 2018) and
contamination of surface and groundwater
(Heberer 2002; Barnes et al. 2008; Díaz-Cruz
et al., 2008; Loos et al. 2010; Faure et al. 2012;
Eriksen et al. 2013; Eerkes-Medrano et al. 2015;
Zentner et al. 2015). Unfortunately, validated and
standardised analytical methods providing repro-
ducible and internationally comparable data are
often lacking.

Drinking water primarily comes from the
depuration and treatment of groundwater and
surface water, such as lakes and rivers. However,
the contamination of lakes and rivers with micro-
plastics has been demonstrated by several studies
and is a well-known problem (Faure et al. 2012;
Eriksen et al. 2013; Eerkes-Medrano et al. 2015).

Hence, it is plausible to assume that together
with the other contaminants, plastic particles and
fibres might also end up in groundwater.
However, at this time, only one study was per-
formed on groundwater (Mintening et al. 2019,
accepted paper). This study reports the analysis of
40 m3 of groundwater in North-West Germany,
which is used as drinking water for an area of 7
500 km2. Several samples of water were analysed,
both before and after the purification plants. An
average of 0.7 microplastic pieces per m3 were
detected. This result indicates that the contamina-
tion is extremely low at that place. However, with
only one study available, the contamination of
groundwater remains one of the many knowledge
gaps in quantifying the extent of the contamina-
tion of our environment by microplastics.

Another route for microplastic contamination of
the human food chain is the air. Textile fibres,
including microplastics (33%), are present in atmo-
spheric fallout from outdoor and indoor air in con-
centrations ranging from 0.3 to 1.5 fibres/m3 and
from 1.0 to 60.0 fibres/m3 respectively (Dris et al.
2017). Regarding the impact on humans, in 1998,
Pauly et al. reported that 87% of examined human
lungs contained plant (e.g. cotton) and plastic fibres.
The inhalation of these fibres is more likely with the
decreasing of their size and they can penetrate and

FOOD ADDITIVES & CONTAMINANTS: PART A 641



persist in lungs (Correia Prata., 2018; Gasperi et al.
2018). Bigger fibres that cannot be inhaled, though,
can deposit within dust, with a deposition rate in
indoor environments ranging from 1 586 to 11
130 fibres/day/m2 that represent 190–670 fibres/mg
in settled dust. In particular, certain areas show
higher risks of microplastics exposure via the air
(urban street, industrial workspaces) (Dehghani
et al. 2017), the presence of plastic fibres released
from textiles (Carr 2017) or microbeads (e.g. from
cosmetic products). Therefore, it cannot be excluded
that microplastic fibres can be ingested just by stay-
ing for a while, speaking and moving in such an
environment, and not only by eating and exposing
food to air dust (Dris et al. 2017).

Presence of micro- and nanoplastics in food
and food products

Micro- and nanoplastics contamination of animals
entering the human food chain

Description of the reported studies
Table 1 illustrates the relative number of studies
published since 2010 on different edible and non-
edible animal species contaminated by micro- and/
or nanoplastics. The majority of the studies available
concerns fishes and sea mammals. Bivalves such as
mussels, oysters and scallops are the second most
studied group. Some edible seabirds have also been
studied, but only one report concerns microplastic
contamination in meat, in this case chicken gizzards
(Huerta Lwanga et al. 2017).

Besides the number of published studies, the
number of different species contaminated by
microplastics is surprisingly high with more than

690 marine species (edible and non-edible)
reported to be contaminated (Carbery et al. 2018).

As non-edible organisms do not normally enter
the human food chain, their direct contribution to
microplastic human exposure by food is negligible;
hence, they are not discussed further in this review.
Typical examples are seabirds (e.g. albatross, auklet,
cormorant, fulmar, gull, murre, petrel, puffin,
prion, skua, shearwater, tern and phalarope),
some marine mammals (e.g. common dolphin, sea
lions, seals) but also some small fishes (e.g. drag-
onet, stellifer), krill, trematode and mosquitos.

Until now, we found 201 edible species – 200
marine species and 1 terrestrial species – reported
as ‘affected by the presence of micro- and/or nano-
plastics’. The vast majority of marine species can be
explained by the main focus on marine pollution.

The only study on a terrestrial animal con-
cerned chicken. In this study, chicken gizzards,
that are cooked and eaten by Mexican local popu-
lations, were reported to contain microplastics
(Huerta Lwanga et al. 2017). However, the study
was carried out in a particular Mexican village, on
chickens living in gardens extensively polluted
with plastic wastes and which would have eaten
plastic particles as they were exploring the ground
for food. The study, based on a very small sample,
is not sufficiently representative of a real meat
contamination issue. More studies with larger
sample amounts should be performed on various
farming animals aimed at human consumption to
draw any conclusion on meat contamination.

Concerning the marine species, the contamina-
tion by microplastic is explained by direct ingestion
and by trophic transfer. Microplastics suspended in
seawater can be readily ingested by many marine
species as their size range coincides with the size of
fish eggs and plankton (Browne et al. 2008; Boerger
et al. 2010). Boerger and coworkers found up to
centimetre scale plastic fragments in the stomach
of 35% of plankton-eating fish caught in the North
Pacific Gyre. An average of 2.1 fragments per fish
was found. Similar findings were reported in
Brazilian estuaries where 18% to 33% of collected
catfish were found with plastic particles in their
stomachs (Possatto et al. 2011). Microplastics can
also accumulate in sea sediment (Thompson et al.
2004) and be ingested by species living in the benthic
zone, the ecological region at the lowest level of the

Table 1. Number of published studies on microplastic contam-
ination in different animal species, identified by authors since
2010.

Animal species
Number of published
studies since 2010

Bear 1
Birds 12
Bivalves (e.g. mussels, clams, scallops, etc.) 22
Chicken 1
Crustaceans (e.g. lobsters, shrimps,
langoustines, crabs, etc.)

20

Fish and sea mammals (e.g. seals,
dolphins, whales)

208

Insects 2
Seabirds 152
Turtles 5
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ocean, including the sediment surface and some sub-
surface layers. The benthic invertebrate community
includes crustaceans and polychaetes. As they are
persistent, trophic transfer between species can lead
to biological accumulation, the upper trophic level
having higher concentrations than the lower
(Hollman et al. 2013).

Microplastic particles reach the edible marine
species either via direct ingestion or trophic trans-
fer. Indeed, microplastics have been detected in
the gastrointestinal tract of fish, bivalves, crusta-
ceans and turtles.

In the cases of bony fishes, microplastics that
are mostly found in the stomach and guts, are
normally removed together with the gastrointest-
inal tract before consumption. Therefore, they
should not have a significant impact on the
human exposure to microplastics.

However, the use of fish guts for the preparation
of animal feed (e.g. poultry production and pigs
rearing) (Bouwmeester et al. 2015) could be of con-
cern. Only 40% of fish-derived products are used for
human consumption (Malaweera and Wijesundara
2014.). The fish and shellfish processing industry
produce over 60% by-products as waste. These by-
products are fish heads, bones, skin and viscera.
They represent a huge amount of nutrients (proteins
and minerals). Instead of being disposed, these pro-
ducts can be processed into high-protein feed ingre-
dients for animal feed processing. Feed represents
40–50% of production costs in animal husbandry or
farming so that secure, cheap and nutritious feed-
stuffs are necessary. Fish meal is mixed with other
ingredients so that a contamination of animal feed
by micro- and nanoplastics cannot be excluded.
However, there are no studies on farm animals’
contamination through feeding, neither on the
impact on animal health or on meat quality for
human consumption. Therefore, it is not possible
to report any evidence on that.

On the contrary, animals such as bivalves or small
fishes are consumed entirely and can be a source of
microplastic contamination in the human diet. In
2016, the European Food Safety Authority (EFSA)
published an overview on the presence of microplas-
tics and nanoplastics in food, with a particular focus
on seafood (EFSA 2016). The EFSA report indicates
that the common mussel (M. edulis), cultivated for
human consumption, can ingest microplastic

particles with sizes ranging from 2 µm to 10 µm.
The report also describes that microplastics in
bivalves, shrimps and fish can reach average con-
centrations of 0.2 to 4 microparticles/g, 0.75 parti-
cles/g and 1–7 particles/g, respectively. Indeed,
Browne and coworkers had already shown the accu-
mulation of polystyrenemicrospheres (3 and 10 µm)
in the gut ofM. edulis and their translocation to the
circulatory system (Browne et al. 2008).

In a more recent study than the EFSA report, Li
and coworkers also described the presence of micro-
plastics in mussels along the United Kingdom coasts
and in UK supermarkets (Li et al. 2018). They found
microplastics in all the samples in 8 locations and
the 6 supermarkets investigated (0.7 to 2.9 items/g).
These results are in the same range as in the EFSA
report. In addition, they showed higher contamina-
tion levels for wild coastal mussels than for farmed
mussels sold in supermarkets. Li et al. hypothesise
that there could be a depuration at the end of the
farming that would lower the contamination levels.
Interestingly, they also reported that processed mus-
sels (frozen, cooked) in some cases appeared to be
more contaminated than non-processed mussels.
Thus it cannot be excluded that the food processing
methods might contribute to the contamination of
mussels. They also observed that the size of the
microplastic items in mussels were mostly below
250 µm. Concerning the composition of the con-
taminating items, micro Fourier Transform Infrared
spectrophotometry (µFTIR) analysis of the particles
identified around 50% as microplastics (polyester,
polypropylene and polyethylene), whereas the other
50% were mostly composed of rayon, cotton and
cellulose. In this study as in most studies about
mussels, the most abundant form of microplastic
contamination is fibres.

To give an overview of the microplastic contam-
ination phenomenon in mussels, Table 2 provides
the contamination levels, sample size, sampling
location and analytical methods details reported in
the literature. The full list of the edible species in
which contamination of micro- nanoplastics have
been reported, in total 201 animal species, is given
in the supplementary material (Table S1.xls).

Discussion on the reported results
The most studied species for microplastic contam-
ination are blue mussels (Mytilus edulis) Therefore,

FOOD ADDITIVES & CONTAMINANTS: PART A 643



it is interesting to compare the results obtained on
this species by the different studies. Usually, micro-
plastics of different shapes (fibres, particles), sizes
and colours are described, but no accurate defini-
tion of microplastics currently exists. In Table 2,
they were referred to as ‘items’. In addition, the
units in which results are expressed differ between
studies, either mass (number of items/g) or abun-
dance (number of items/individual). The level of
contamination of blue mussels across the different
studies that express results as a number of items/g,
are relatively homogeneous and varies between
0.2 items/g and 2.9 items/g. When also expressed
in terms of items/individual, these results corre-
spond to a range of 0 to 10 items/individuals
(Van Cauwenberghe et al. 2015; Li et al. 2018).
However, in other studies, expressing results exclu-
sively as items/individuals, we observe higher con-
tamination levels: between 5 and 19 items/
individuals (Karlsson et al. 2017) and between 33
and 75 items/individuals (Mathalon and Hill 2014;
Kolandhasamy et al. 2018). It is clear that the
expression of results as items/g of mussels supposes
averaging the results of contaminated and non-
contaminated mussels, whereas the expression of
results as items/individual does not say clearly if
the number of items is averaged on the total num-
ber of mussels or only reflects the contamination
level of those individuals where microplastics were
found. This observation highlights one of the most
important challenges in assessing microplastic con-
tamination: the comparability of the results.

Looking further at the data, not only from the
blue mussel but also at the data from other
edible animal species in the supplementary
material (Table S1.xls), it has to be noted that
results of microplastic contamination have often
been obtained using a huge variety of methodol-
ogies. Especially for fishes and turtles, some stu-
dies have been conceived and performed with
a clear environmental perspective of assessing
the presence of microplastics in sea species
rather than evaluating the amount of plastics
that might enter the human food chain, which
affect the study design and result description.
The sample size (number of individuals), the
sampling location (ocean, coast or market for
seafood, the village of origin) as well as the

part of the animal that was analysed (stomach
or gastrointestinal tract) differ between studies,
hence making a reliable comparison of data
extremely challenging. For example, the sample
size varies from 2 individuals (Rabbitfish) to 1
450 individuals (langoustine).

The most commonly described analytical
method in these studies usually involves dissection
under a stereoscopic microscope, transfer into cov-
ered Petri dish, particle counting and eventually
polymer identification using µFTIR (or sometimes,
Raman spectroscopy) on selected particles and
fibres. However, in some papers, no blank analysis
is described and/or no appropriate measures are
taken to avoid cross-contamination (use of laminar
flow cabinets, cotton labcoats, glass or metal ware;
pre-rinsing tools and equipment with distilled
water or alcohol; use of open Petri dish to collect
and measure airborne contamination). In such
cases, the reliability of the data obtained can be
questioned. In their study on mussels, for example,
Li et al. underlined that, beyond the significant
spatial difference in the level of contamination
observed in different seawater locations, the variety
of abundance of microplastics in mussels could be
related to large differences in the extraction
method, quantification and in the quality controls
and cross-contamination preventions employed (Li
et al. 2018). For the extraction of the microplastics
from the tissue, some studies use acidic or alkaline
digestion of the organic tissue, followed by filtra-
tion of the microplastics or flotation/sedimentation;
whereas other studies only mention dissection
under microscope and extraction of microplastics
using tweezers.

Regarding the results, the average level of con-
tamination is sometimes accompanied by
a standard deviation. The standard deviation, in
some cases, is larger than the average, which
might reflect either a large scatter of the results
and/or an insufficient sample number, not repre-
sentative of the population. As described for the
blue mussel, there is also sometimes a lack of
clarity in reporting the number of items/individual
taking into account the population of contami-
nated individuals, only or taking into account the
total number of individuals considered for
analysis. Finally, a few studies use pools of tissue
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(e.g. clams, mussels) and do replicate analysis (3
or 6 replicates), but still report results as number
of items/g.

These observations indicate the difficulty to
extrapolate literature data on seafood for estimat-
ing the human dietary intake of microplastics.

Another important remark is that some studies
investigated the intake of microplastic by marine
species by feeding them with plastic particles in
the laboratory with the aim of studying the capa-
city of marine species to eat microplastics (Xu
et al. 2017; Ward et al. 2003; Wegner et al. 2012;
von Moos et al. 2012; Köhler 2010; Farrell and
Nelson 2013; Browne et al. 2008; Ward and Tagart
1989; Ward and Kach 2009; Claessens et al. 2013;
Kolandhasamy et al. 2018; Sussarellu et al. 2014;
Brilliant and MacDonald 2000, 2002; Watts et al.
2014; Welden and Cowie, 2016b; Oliveira et al.
2013; Kaposi et al. 2014; Hart 1991). However,
the microplastic levels to which those species are
exposed do not often represent the concentrations
in the environment and therefore must be consid-
ered with care.

Concerning nanoplastics, only a minimal num-
ber of studies evaluate their presence in the
human food chain. This fact could be due either
to a lack of interest, or to a lack of validated and
standardised sampling and analytical methodolo-
gies. Some studies describe the capacity of nano-
particles to adsorb on algae (Bhattacharya et al.
2010) and to penetrate marine species such as
mussels (Ward and Kach 2009; Wegner et al.
2012), oysters (Ward and Kach 2009) and fish
(Cedervall et al. 2012; Chae and An 2017). The
trophic transfer of nanoparticles from algae to fish
via zooplankton was also described (Cederval
et al., 2012). However, no peer reviewed study
has yet unambiguously demonstrated the presence
of nanoplastics in the related food products.

Micro- and nanoplastics contamination of food
products, water and beverages via their processing

Description of the reported studies
The contamination of food products, meaning
food submitted to a degree of processing, is
another challenging issue. It is indeed difficult to
judge whether micro- and nanoplastic particles
were already in the food before processing or if

their presence is the consequence of the proces-
sing phase. The same question applies in the case
of drinking water and beverages.

Presently, the only studies on microplastics con-
tamination of food products regard honey, sugar,
salt, beer, bottled drinking water and canned sar-
dines and sprats. Table 3 presents their reported
levels of contamination. We did not find studies
about a possible accumulation effect nor any tox-
icological effect of these ingested microplastics after
consumption of those food products.

Although tap water is not really a food product,
in that sense that is not filled in bottles and com-
mercialised, it is still processed for purification
and sold for distribution. In that perspective, it is
presented in Table 3.

Discussion on the reported results
Honey, salt, sugar, beer, tap and bottled water (and
to a lesser extent canned sardines and sprats) are
food products consumed daily. Therefore, the stu-
dies reporting their contamination by microplastics
should be scrutinised. Some studies concluded
there was a significant contamination whereas
others found that there was no safety risk. The
following section gives more details about the
variability of the data and the debates that arose.

Honey. As shown in Table 3, Liebezeit et al. pub-
lished two studies (Liebezeit and Liebezeit 2013,
2015) reporting the contamination of honey sam-
ples from supermarkets and from producers.

In the 2013 study, the authors found an average of
166 ± 147 fibres/kg of honey and 9 ± 9 fragments/kg
of honey across different countries. One could note
a huge standard deviation. The authors found trans-
parent and coloured fibres and particles.

Cellulose fibres, as well as chitin fragments, were
decolourised by the oxidative sample pre-treatment.
Therefore, cellulose constituted the majority of the
transparent fibres. They were identified as cellulose
by further staining with fuchsine. The authors pos-
tulated that cellulose fibres might have originated
from the clothing of the beekeepers. However, it can
also be observed that the use in the sample prepara-
tion method of cellulose nitrate filters to filter honey
could eventually be another source of cellulose fibre
contamination in that study.
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Fibres and fragments that were not affected (nor
destroyed or decoloured) by the oxidative sample
pre-treatment and that could not be stained with
fuchsin and rose Bengal were considered as syn-
thetic polymers. The detection method is, therefore,
an indirect method. The authors counted the fibres
and particles using a microscope but did not
further characterise them spectroscopically. The
authors suggested that the fibres (and some parti-
cles) may come from the environment (atmo-
spheric deposition to the interior of flowers and
transported by the bees to the hive), and from
honey processing (the longest fibres). The authors
also postulated that the fragments (the majority
being blue) could have been derived from plastic
bags used to supply powdered sugar to the bees.

In the second study (Liebezeit and Liebezeit
2015), Liebezeit et al. found 40 to 660 fibres/kg
of honey and 0 to 38 fragments/kg of honey in
Germany. The authors still did not characterise
the fibres and particles but used Rose Bengal to
stain natural organic particles and to distinguish
them from synthetic ones. However and interest-
ingly, the authors reported that some pollen types,
and some string-like fibres and chitin, were not
stained and were distinguished from microplastic
particles by their morphology. The rest of the non-
stained-particles and fibres were counted under
the microscope. The authors also found black
carbon particles originating from the smoking of
the hives, a common practice in bee-keeping to
calm bees before harvesting.

Following these studies,Mühlschlegel et al. (2017)
investigated whether the honey from Switzerland
was effectively contaminated by microplastics, aim-
ing at understanding the origin of the contamination
and eventually providing recommendations to bee-
keepers to limit the contamination. They preferred
using Fourier Transform infrared-attenuated total
reflectance FTIR-ATR spectroscopy and Raman
spectroscopy to characterise the isolated fibres and
particles. Also, they extended the laboratory precau-
tions to avoid sample contamination (use of laminar
flow box, ultrapure water, cleanroom-grade gloves);
they tested blank samples and they used a honey test
sample (kind of home-made honey reference mate-
rial spiked with ~30 particles of a polymethacrylate
particles standard from Fluka). However, they did
not provide any recovery data about the standard.

The authors also mentioned that the described qual-
ity measures could not eliminate limited back-
ground contamination (no number given). They
finally distinguished five particles classes:

– Black carbon particles (1 760 to 8 680 particles/
kg), from the application of the smoke.

– Coloured fibres (32 to 108 fibres/kg), themajority
of which are cellulose-based materials, probably
from textile and clothing. Here the authors men-
tioned that a few black fibres (no exact number
given) of polyethylene terephthalate (PET) were
also observed, probably originating from textile
and related to the beekeepers’ activity.

– Blue (8 to 28 particles/kg) and yellow particles
(64 particles/kg), the yellow particles being pol-
len and the blue particles probably related to
a coating with copper phthalocyanine pigment.

– White or transparent fibres (132 to 728 fibres/kg)
assigned to cellulose or chitin.

– White or transparent particles (60 to 172 parti-
cles/kg) related to cellulose, chitin and glass
particles that came from glass abrasion (honey
container or laboratory glassware).

The authors concluded that the amount and com-
position of the particles and fibres detected in the
honey samples did not represent a safety risk. In the
context of this review on microplastic contamina-
tion, we would focus on the black PET fibres (a
minor part of the 32 to 108 coloured fibres/kg) and
eventually the blue particles (8 to 28 particles/kg) if
the coating is covering plastic material. Interestingly,
the description of some PET fibres in honey con-
firms that textiles and clothing are sources of micro-
plastic contamination. However, when compared
with the results from Liebezeit (average 166 fibres/
kg in 2013, average 173 fibres/kg in 2015), the results
from Mühlschlegel (2017) are much lower.

Salt. The potential microplastic contamination of
salt is a direct consequence of the microplastic
contamination of the aquatic environment. More
studies are available compared to the number of
studies about honey. Except for one study by
Karami et al., the results of the available studies
all concluded that microplastics are present in salt
samples, but they still show significant variability.
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Gündoğdu (2018) identified microplastics par-
ticles by µ-Raman spectroscopy in 16 brands of
Turkish salt. They included sea salt (16 to 84 par-
ticles/kg), lake salt (8 to 102 particles/kg) and rock
salt (9 to 16 particles/kg). For rock salt, the con-
tamination source is less obvious and is most
probably related to the processing. The most com-
mon plastic polymers found were polyethylene
(22.9%) and polypropylene (19.2%).

The results obtained by Kosuth et al. (2018) on
salt samples commercialised in US grocery stores
and originating from different countries world-
wide (including salt from oceans, seas and mines
and in different packages such as glass, cardboard
or plastic recipients), were much higher (46.7 to
806 particles/kg). However, the method used for
detection was staining with Rose Bengal.

Karami et al. (2017) also analysed 17 salt brands
from different countries sampled on a Malaysian
market (14 sea salts, 1 lake salt and 1 salt of
unknown origin). After visual inspection of the
filter membranes used for sample preparation, sus-
pected particles, resembling to microplastics by
their colour and morphology, were collected and
were analysed with Raman spectroscopy.
Interestingly, a test sample was prepared from salt
spiked with a mixture of plastic polymers and 95%
of the polymers were recovered after sample pre-
paration and filtration on an 8 µm filter membrane.
However, the salt samples were filtered using
a 149 µm filter membrane because of the presence
of insoluble material resistant to digestion that pre-
vented filtration on filters with a pore size of 8 and
22 µm. This might have caused an underestimation
of the number of microplastics below 149 µm in the
salt samples. The results were 1 to 10 particles/kg,
which is much lower than in the other studies, and
closer to the rock salt from Gündoğdu.

On the contrary, Yang et al. (2015) reported
microplastic particles in sea salts, lake salts and
rock salts from China between 7 and 680 particles/
kg, up to six fold higher than the results on sea
salts, lake salts and rock salts from Gündoğdu. In
both studies rock salts and well salts were less
contaminated then sea salts and lake salts.

Iñiguez et al. (2017) reported on the difference
between these two last studies and criticised the
use by Karami et al. of a filter with a pore size of
149 µm to retain microfibres between 10 and

200 µm. According to Iñiguez et al., this would
explain the very low contamination level found by
Karami compared to Yang.

Sugar. Probably the only study on sugar contam-
ination by microplastics is Liebezeit and Liebezeit
(2013). The same indirect method of colouration
with fuchsin and Rose Bengal was used as for
honey and the results must be taken with care as
this method is not as specific as identification by
spectroscopic methods. The authors specify that
transparent and coloured particles were consid-
ered together in this case, probably because chitin,
glass and cellulose are not expected to be found
like in honey. Unrefined cane sugar had the high-
est amount of synthetic fragments and fibres.
However, the authors mention that in both
honey and sugar, the levels found probably do
not exceed the European regulation limits (<0.1%
permissible content of insoluble residues in honey,
no regulation for refined sugar).

Canned sardines and sprats. Not many studies
concern processed seafood products contamina-
tion by microplastics. Karami et al. (2018) inves-
tigated the microplastic contamination of canned
sardines and sprats from 13 countries. Four
brands out of 20 brands were found to be con-
taminated with 1 to 3 particles. As was done in the
study on salt from Karami, a test sample was
prepared from fish spiked with a mixture of plastic
polymers and was filtered through a 22 µm pore
size filter. Contrastingly, the digested fish could
not be filtered through filters smaller than 149 µm
due to the presence of materials such as vegetable
oil. Therefore, the samples were filtered through
a filter membrane with a pore size of 149 µm and
particles were analysed by Raman spectroscopy. In
this case, the authors acknowledged that the col-
lected fragments would be >149 µm.

Beer. Beer contamination by microplastic was yet
another debatable issue. The previously men-
tioned authors, Liebezeit et al. also investigated
microplastic contamination in German beers in
2014. Fibres, fragments and granules were found
after filtration through a 0.8 µm cellulose filter,
except for wheat beers that could percolate and
were filtered through a 40 µm sieve. Again,
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colouration with Rose Bengal was used and the
non-stained material was referred to as microplas-
tic contamination. The authors acknowledged
however that only spectroscopic analysis by
Raman of FT-IR could firmly confirm the syn-
thetic nature of the isolated material.

In 2015, Lachenmeier et al. criticised the
method of Rose Bengal colouration as it could
cause false-negatives (not detecting polyvinylpo-
lypyrrolidone, PVPP, used in beer processing),
false-positives (detecting starch or kieselgur)
and background contamination (observed in
blank samples). The authors highlight the need
for cleanrooms (focusing on the relevant micro-
plastic particles sizes) to perform laboratory
work. On the other hand, they also postulate
that the results previously reported were artefacts
due to laboratory contamination, in particular as
beers are submitted to microfiltration steps to
remove yeast cells. The contamination would
therefore not originate from the raw material as
suggested by Liebezeit et al. Contamination dur-
ing bottle filling on the automated filling lines is
also unlikely.

Finally, in 2018, Kosuth et al. investigated the
microplastic contamination of beers in the US.
They selected beers brewed with water from the
Laurentian Great Lake where plastic pollution was
especially well-known. Samples were passed through
a cellulose filter of 11 µm pore size and isolated
material was stained with Rose Bengal. Many pre-
cautions were taken to avoid sample contamination
(laminar flow cabinet, cotton lab coat, wiped work-
space,…). Twelve blank samples were analysed and,
interestingly, despite the precautions, anthropogenic
particles were found: 6 blanks contained 1 particle, 1
blank contained 2 particles, 1 blank contained 3 par-
ticles and the remaining blanks did not contain any
particle. The blank contamination level was never-
theless subtracted from the microplastic contamina-
tion level. Another interesting finding in this study
was that no correlation could be drawn between the
contamination of the beers and their corresponding
municipal tap water supply. The authors also high-
lighted the difference in beer processing between the
US and Germany. They postulate that product pro-
cessing might be the most important factor to
understand anthropogenic contamination.

Bottled water. Very recently in 2018, reports were
published on the possible contamination of
bottled water by microplastics. Given the con-
sumption of bottled water worldwide, the topic
caught widespread media attention.

Mason et al. published in September 2018 a study
on 259 bottles of water from 9 countries.
A particularly large number of bottles were sampled
to overcome the variability of the manufacturing
processes and the particle-fluid dynamics. The
detection method used staining by Nile Red (for
particles >6.5 µm) and further identification by FT-
IT (for particles >100 µm). Nile Red is adsorbed on
plastic and is detected by fluorescence; 93% of the
bottles were found to be contaminated with
a considerable variation of particle numbers between
bottles even of the same brand: an average of
10.4 particles (size >100 µm)/L and an average of
325 particles (size 6.5 to 100 µm)/L. The authors
postulated that this variability could be related to
different water sources, bottling facilities, conditions
and timing of shipment to purchase locations.
Variations were found between the brands.
Interestingly, one brand commercialised water in
a glass bottle and in a plastic bottle. The glass bottle
still showed microplastic contamination (204 parti-
cles/L) but to a lower extend than the water of the
same brand in plastic bottle (1 410 particles/L). The
authors concluded that part of the contamination
would have come from the water source whereas
larger contamination would have originated from
the packaging. It seems that there are more fibres
in tap water than in bottled water and more frag-
ments in bottled water, indicating different contam-
ination sources. The authors partially attributed the
contamination to the industrial lubricants and frag-
mentation from the cap (polypropylene) when
opening the bottle. Finally, the bottled water con-
tained on average nearly twice the amount of micro-
plastic found in tap water by the same authors
(5.45 particles/L).

Also in 2018, Schymanski et al. analysed
bottled water from 22 single-use and returnable
plastic bottles, 3 beverage cartons and 9 glass
bottles from Germany. The sample size was
smaller than with Mason et al. However, they
used µ-Raman spectroscopy and were able to
identify particles smaller than 20 µm, in contrast

FOOD ADDITIVES & CONTAMINANTS: PART A 657



to FT-IR. The authors found a higher number of
particles in returnable bottles (118 particles/L)
than in single-use bottles (14 particles/L) (84%
of the particles were polyethylene terephthalate,
PET and 7% were polypropylene, PP, that are
both constituents of the plastic bottles). In water
from beverage cartons and glass bottles poly-
ethylene and other polyolefins were found. The
authors attributed these materials to the coating
of the beverage cartons and to the caps lubri-
cants. These findings tend to indicate that the
packaging may release particles into the water.
This should be confirmed by further analysis of
water before and after bottling.

Drawing on the findings from Mason et al., the
results are not entirely comparable. Mason pro-
vide an interesting comparison of their respective
findings: the major plastic contaminant is not the
same (PEST, combination of polyester and poly-
ethylene terephthalate in Mason; polypropylene in
Schymanski); the size of particles selected was not
the same due to the different methodologies
(>100 µm in Mason; >6.5 µm in Schymanski);
the packaging is one of the sources of contamina-
tion (mostly the caps in Mason; mostly the bottle
in Schymanski). However, both found a similar
amount of polyethylene contaminants (around
10%) and similar proportions of particles
<100 µm compared to larger ones (95 to 98%).

However, it is remarkable that blank samples,
prepared from ultra-pure water, although not indi-
cating any growing contamination trend during the
analytical sequence, still showed microplastic con-
tamination with an average of 14 ± 13 particles/L
(the major contaminant being PET). The authors
acknowledged that despite their efforts to avoid
sample contamination in the laboratory, they
could not achieve a zero blank contamination. It
is worrying to observe that the blank contamina-
tion is similar to the results from single-use plastic
bottles (where PET is also the major contaminant).
Another difficulty encountered by the authors was
the identification of some coloured particles by
Raman spectroscopy due to similar spectra. For
example, blue nitrile gloves particles, heliogen
blue, and polypropylene blue bottle cap have very
similar spectra. Although these blue particles were
not found in the blank samples as possible general
laboratory contaminants, they were not included in

the microparticle count of the samples. These
examples highlight the limitations and challenges
of microplastic measurement in laboratories.

Tap water. It is also interesting to investigate the
possible microplastic contamination of tap water
and to compare it to bottled water. Most studies
are quite recent and more literature could be pub-
lished in the coming months but not available at
the time of writing this publication.

Kosuth et al. (2018) performed an interesting
analysis of 159 samples of tap water collected from
14 countries. Anthropogenic debris were found in
81% of the 159 samples. The range of microplastic
particles was 0–61 particles/L. The majority of the
particles were fibres of 0.10–5.00 mm (98.3%). The
authors highlighted an interesting finding: The US
data, covering the largest geographical zone and
the most diverse populations (from 5 000 residents
to 8.5 million residents), showed the largest stan-
dard deviation (11.8 particles/L) and the largest
range of particles/L (0 to 61 particles/L). Another
observation was that the mean particle numbers/L
in more developed countries was significantly
higher than in the developing countries, although
developing countries might not always have muni-
cipal waste disposal and water filtration systems.
This indicates that parameters such as the water
source, the population density and the water treat-
ment process most probably influence the micro-
plastic contamination of tap water.

Another study was reported by Strand et al.
(2018) on Danish drinking water (Denmark was
not included in the study from Kosuth). The
authors analysed 50 L of drinking water directly
sampled from the tap in 17 sites around Denmark.
The samples were filtered (on stainless steel filters
10 µm) and examined by a stereomicroscope. 44%
of those particles were selected and analysed by
µFT-IR. Also, 3 tap water samples were filtered on
a 0.2 µm filter and analysed by µFT-IR to detect
eventual particles <100 µm. An average of 15.6 par-
ticles that resemble microplastics (>100 µm) per
50 L was registered. However, the publication
indicates that, in 16 of the 17 samples, the number
of particles was below the limit of detection of
29 particles/50 L. One can, therefore, wonder
how these 16 numbers were produced. The sample
with the highest contamination had 30 particles/
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50 L. In addition, from the µFT-IR identification,
only 3% of the particles were microplastic; how-
ever, 17% could not be identified (76% were cel-
lulose, 10% had poor spectra, 7% were unknown,
4% were protein-like). The authors concluded that
no significant concentration of microplastics in
the Danish tap water was found. Obviously,
more studies are necessary to get an overview of
the microplastic contamination in tap water in the
different regions of the world and to correlate
them with water source, population density and
water purification systems.

Potential contamination from food packaging

Other types of possible micro- and nanoplastic par-
ticles contamination are those linked to food packa-
ging. Chemical constituents, including residual
monomers, additives and production aids, might
migrate from food contact materials into the food
product they come in contact with (Castle 2007;
Cooper 2007). However, the contamination of food-
stuffs by micro- and nanoplastic particles which are
released spontaneously from the packaging material
seems rather unlikely. Plastic food packaging could
eventually break into plastic pieces and contaminate
the food products if wrongly handled. In such cases,
plastic fragments would be of a size that could easily
be identified visually and could most likely be
removed before consumption, if the retailer had
not discarded the product.

On the other hand, a variety of nanomaterials,
in the shape of nanoparticles but different from
plastic (e.g. clays, metallic silver and metal-oxide
nanoparticles) is nowadays used in smart food
packaging applications. Because of their specific
physicochemical properties, the incorporated
nanomaterials provide improved functional
properties to the host packaging material. These
functional properties, which range from signifi-
cant barrier properties, mechanical, rheological,
optical, catalytic and even antimicrobial proper-
ties aim at extending the shelf life and freshness
of the contained food (Bumbudsanpharoke et al.
2015). Silver nanoparticles (AgNPs) and nanoclay
form the majority of the nano-enabled food
packaging on the market. There is a growing
concern about the potential migration of such
nanoparticles from food contact materials to

foodstuffs and its associated risks (Addo Ntim
et al. 2018). However, currently, there are insuf-
ficient data about environmental and human
safety assessments of migration and exposure to
nanomaterials (Bumbudsanpharoke et al. 2015).
Similarly, studies that can clearly correlate food
packaging to micro- and nanoplastic particles
contamination are still insufficient.

Estimating the global human exposure to
microplastic through the diet: lessons learned
from the review

From the analysis of the papers retrieved by our
literature search, it emerges that there are at least
two challenges to be tackled to accurately estimate
the global human exposure to microplastic
through the diet: 1. the need for a detailed and
agreed definition of micro- and nano-plastics; 2.
the need for standardised methods and quality
assurance. More scientific investigations around
these topics are necessary.

As a concrete attempt to tackle these issues, the
following sections provide both an overview on the
criteria to be considered for an internationally agreed
definition ofmicro- and nanoplastics and a review of
the state-of-the-art of the methodologies currently
available for the detection and characterisation of
microplastic particles. In addition, they might be
considered as baselines for future examination of
the average consumption of potentially contami-
nated animals entering the human food chain
(Tables 2–3 and S1) and of the potentially contami-
nated food products (Table 3) to assess the global
human exposure to microplastic through the diet.

Need for an internationally agreed definition of
micro- and nanoplastics

Science-based definitions require clear and unam-
biguous assessment of the relevant measurand(s)
(i.e. properties intended to be measured), the
development, refinement and validation of suita-
ble measurement procedures (i.e. combination of
sampling, extraction and laboratory analysis meth-
ods), and the production of fit-for-purpose repre-
sentative test materials and reference materials
(European Commission Joint Research Center
2013; Besley et al. 2017). Without resolving these

FOOD ADDITIVES & CONTAMINANTS: PART A 659



analytical challenges the process of finding con-
sensus and (international) harmonisation on
science-based definitions and key-terminology
for micro- and nanoplastics will be a difficult
exercise.

Today, the definitions are predominantly appli-
cation-driven and they are, as a result, often
inconsistent in their elements and scope.

The following three sections aim to review gen-
eral core elements (i.e. particle size, particle shape
and chemical composition) which can be consid-
ered for describing microplastics and nanoplastics.
An overview of analytical techniques and asso-
ciated challenges is given further in the paper.

Particle size
The particle size boundaries of microplastics and
nanoplastics are often attributed with numerous
size ranges which vary from study to study. Some
authors differentiate plastic litter according to
three main size ranges: macro- (>25 mm), meso-
(5 mm to 25 mm) and microplastics (<5 mm)
(Blettler et al. 2017; Imhof et al. 2017).

Despite the multiple size ranges of microplas-
tics, there is seemingly a broad acceptance by
marine and freshwater scientists on an upper size
limit of <5 mm (Arthur et al. 2009). The Joint
Group of Experts on the Scientific Aspects of
Marine Environmental Protection (GESAMP)
and the Danish Environmental Protection
Agency define microplastics as follows: ‘Small
pieces of plastic particles in the size range of
1 nm to <5 mm’ (GESAMP 2015). Recently, the
upper size limit of 5 mm has also been used in
defining the term ‘micro-litter’, which is included
in a Commission Decision (2017/848/EU) on cri-
teria and methodological standards for the imple-
mentation of the Marine Strategy Framework
Directive (MSFD) (European Commission 2017).

Compared to the upper size boundary, there is,
however, much less of agreement on the lower size
limit of microplastics. Some studies refer to limits of
1mm, 1 µmor even 100 nm formicroplastic particles.

Plastic particles with sizes typically less than a few
micrometres are sometimes categorised as ‘nano-
plastics’. In a statement on the presence of micro-
plastics and nanoplastics in food, with particular
focus on seafood (EFSA 2016), and inspired by the
European Commission’s recommendation on

nanomaterials definition (European Commission
2011), the European Food Safety Authority (EFSA)
defines nanoplastics as: ‘a material with any external
dimension in the nanoscale or having internal sur-
face structure in the nanoscale (1 nm to 100 nm)’.

Particle shape
The interpretation of particle size results obtained
on perfectly hard spherical particles is rather
straightforward as their size can be readily related
to the diameter of the particles. In this ideal situa-
tion, different techniques will obtain comparable
results. For real-world particles, it has been demon-
strated that ‘particle size’ alone does not sufficiently
describe the exact quantity that is measured across
different techniques because the different physical
principles of the techniques cause measurements to
be affected by particle shape (Kestens et al. 2016).
Therefore, the particle size results of such measure-
ments are generally expressed in terms of an equiva-
lent spherical or circular diameter. Information on
particle shape is not only important for interpreting
particle size results but can also help to identify the
potential origin of the detected microplastics and
nanoplastics. For example, Hidalgo-Ruz et al. in
2012 proposed a categorisation scheme based on
pre-defined shapes (e.g., cylindrical, disk, flat,
ovoid, spheruloids, elongated, rounded, irregular,
etc.) and different types (e.g., fragments, pellets,
filaments, films, foamed plastic, granules, etc.).
Particular attention should be put on the shape of
the so-called ‘fibres’, i.e. those particles which are
significantly longer than wide. Biodegradable fibres
are wool, cotton, wood-based cellulose fibres and
other natural fibres. However, Landbecker found
that synthetic textile fibres were the most abundant
type of microplastics present in samples collected
from the lake Mälaren located west of Stockholm
(Landbecker 2012). A similar conclusion was made
by Naji et al. in 2017, who found that synthetic fibres
(88 %) were the dominant type of microplastics
determined in different littoral surface sediments of
the Persian Gulf, followed by films (11 %) and frag-
ments (1 %). Globally, it is estimated that there are 5
times more fibres than particles in sea and beach
samples. Fibres may come from domestic textile
washing. Once in the marine environment, fibres
can reach concentrations of up to thousands of
particles per cubic meter (Salvador Cesa et al.
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2017). Synthetic fibres (nylon, acrylic, polyester)
constitute 62.1 % of the whole textile fibres.

Particle chemical composition
The third core element to be considered for the
classification of micro- and nanoplastics is chemi-
cal composition. The term ‘plastic’ is generally
used to describe a vast collection of man-made
organic compounds which have a very rigid, soft,
or elastic consistency. According to Annex 1 of
Commission Regulation (EU) No 10/2011 of
14 January 2011 on plastic materials and articles
intended to come into contact with food alone,
more than 1000 substances are authorised in the
production. This only concerns food contact
materials. Therefore, the number of substances
that can be contained in plastic particles coming
from different industrial and domestic sectors is
quite high.

To ensure that plastics are not erroneously
referred to as if they are a single substance, ISO
defines ‘plastic(s)’ as ‘a material which contains, as
essential ingredient, a high polymer and which, at
some stage in its processing into finished pro-
ducts, can be shaped by flow’. Note 1 to this
definition states that ‘elastomeric materials,
which are also shaped by flow, are not considered
to be plastics’ (ISO 472, 2013). From this point of
view, black tire rubber elastomers are not classi-
fied as plastic material. However, from an envir-
onmental point of view, no differentiation is being
made between thermoplastics, thermosets and
elastomers. Therefore, in the present paper, it
was decided to include the dust produced by rub-
ber tires as part of microplastics.

Finally, a non-exhaustive list of plastic polymers
encountered in microplastic and nanoplastic particles
(micro- and nanoplastic particles) is the following:

● polyester (polycyclohexylenedimethylene ter-
ephthalate (PCT))

● polypropylene (PP)
● polyvinyl chloride (PVC)
● polystyrene (PS)
● Teflon
● nylon 6.6
● polyethylene (PE)
● polyethylene terephthalate (PET)
● styrene acrylonitrile resin (SAN)

● poly(n-butyl methacrylate) (PBMA)

Importance of a standardised definition
The lack of international agreement on the mean-
ing of key terminology in the field of marine and
riverine litter, on microplastics, nanoplastics and
other relevant nomenclature, hinders the compre-
hensive monitoring of ecosystems and thus also the
development of policy and regulatory frameworks.
Once the analytical challenge is overcome, the
extent of a legal definition for microplastics and
nanoplastics should be agreed so that, for example,
pieces of plastic marine or riverine litter, which
may find their way, via the food chain, onto
humans’ dinner plates would be covered by future
sector-specific legislation. This means that the defi-
nition should neither be too narrow nor too broad
in scope. A too narrow scope can be detrimental
for human health risk assessment studies. On the
contrary, a definition too broad in scope will be
overprotective and difficult to integrate into legisla-
tion because a significant fraction of litter could be
classified undesirably as microplastics or nanoplas-
tics which is highly unlikely to find its way into the
food chain.

In agreeing on lower and upper size limits for
microplastics and nanoplastics definitions,
a number of practical factors related to the measure-
ment procedures (i.e. a combination of sampling,
extraction and laboratory analysis methods) will
also need to be taken into consideration (JRC 2013;
Besley et al. 2017). These measurement procedures
require inter-laboratory validation and standardisa-
tion, and the size ranges defined in the final defini-
tions need to be conducted with the analytical
capabilities of the measurement procedures in mind.

Need for standardised methods and quality
assurance

Challenges
One of the first challenges in measuring micro-
and nanoplastic contamination is to retrieve
micro- and nanoplastics particles from environ-
mental and food matrices as well as to collect
representative fields of samples.

Then, a crucial issue is to prevent the contam-
ination of samples in the laboratory with micro-
plastics from air, clothes, equipment and reagents
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and to prepare blank samples. (Wesch et al. 2016)
reviewed sampling, analytical procedures and pos-
sible sample contamination during all stages of the
studies. In their review, they highlighted the lack
of standardised approaches, as well as the need for
a better definition of the background contamina-
tion in the laboratory and the importance of the
use of clean rooms for this type of analysis.

In addition, to demonstrate method and labora-
tory performance, suitable quality assurance and
quality control measures have to be implemented.
These measures, which include in-house method
validation and interlaboratory comparisons, strongly
rely on the availability of fit-for-purpose representa-
tive test materials (RTMs) and certified reference
materials (CRMs). To date, no RTMs or CRMs are
available.

Finally, if reliable comparison of particle size
results requires a detailed specification of the mea-
surand ‘particle size’, this necessitates a description
of the principle of the entire measurement proce-
dure. An incomplete method description leaves
room for misinterpretation along with ambiguity
about the meaning or the fitness-for-purpose of the
reported data. It is quite evident that microplastics
and nanoplastics are heterogeneous in size and
shape and as a result, the results obtained with the
standardised method will be method-dependent.
The measurand will be method-defined, as known
in the field of particle technology.

Methods currently used
The methods described in the following sections
cover sample preparation, conventional/common
detection/identification methods and advanced or
novel methods, often used in combination with con-
ventional identification methods. Most of these
methods were used in the studies reported in Table
2. For each technique, a brief description of basic
measurement principles is given as well as the type
of information that can be derived (i.e. particle size,
shape, composition etc.) and finally the strengths
and limitations of the technique. Advantages and
disadvantages of the methods are summarised in
Table 4.

Methods of sample preparation
Studying microplastics in the food chain implies the
analysis of an enormous variety of microplastics

distributed in many different background matrices.
Matrices may range from relatively simple fresh and
saltwater aquatic systems, more complex environ-
mental sediments, soil and wastewater treatment
sludges to highly complex organic and biological-
based samples such as the digestive tracts of verte-
brates, invertebrates and seafood (Foekema et al.
2013; Dehaut et al. 2016). In many cases the materi-
als of interest will form only a tiny portion of the
sample with the remainder being a complication for
whatever analytical method used to characterise the
microplastics. Thus, there is a strong need to have
sample preparation procedures which can simplify
or eliminate the background matrix or concentrate
or extract the plastic particles from the matrix prior
to instrumental analysis. Where such sample pre-
paration is required, measurement procedures must
be selected which are as non-invasive as possible and
which are effective against the undesired matrix
while remaining compatible with the sample type.

Filtration. One of the simplest methods to
recover microplastic is filtration which may be
suitable for isolation and concentration of free
microplastics from relatively simple matrices
such as water and beverages. Additionally, sequen-
tial filtration through a series of increasingly fine
filters may be relevant to categorising particles in
terms of their particle size distribution.

Flotation/sedimentation. In comparison with inor-
ganic materials, the large majority of polymers have
relatively low densities ranging from the lightest
materials such as polyethylene (0.85 g cm−3) up to
2.1 g cm−3 in the case of a dense halogenated material
such as Teflon.Within this range the largemajority of
polymer types have densities below 1.5 g cm−3, which
is lower than the density of many inorganic materials
that may be mixed in microplastics. This difference is
commonly exploited to preferentially extract plastic
particulates by floating them out from salt solutions
whose density is higher than the plastics, but lower
than the other, usually mineral, solids present (Quinn
et al. 2017). A variety of solutions may be used
depending on the maximum density required. For
polymers with densities of up to 1.2 g cm−3 NaCl
solutions may be sufficient, while ZnCl (1.7 g cm−3),
NaCI (1.8 g cm−3) or sodium polytungstate
(3.1 g cm−3) solutions may be considered for more
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Table 4. Advantages and limitations of the methods for sample preparation and characterisation of microplastics.
Sample preparation methods Advantages Limitations

Filtration Simple
Low cost
Categorises particles by size
Suitable for water & not viscous beverages

Clogging on small pore size filter
Possible loss of particles on large pore size filter
Possible sample contamination if using filter
fibers (glass fibre filter, cellulose filter)

Lower contamination requires use of pore
etched membrane filters

Possible difference between the nominal and
the effective cut-off of the filter

Flotation/Sedimentation Simple
Low cost
Separates microplastics from inorganic matter

Critical choice of the type of gradient
Plastic particles must be detached from matrix
materials

Recycling or disposal of contaminated salts
required

Matrix digestion
Acidic chemical digestion Suitable for biofilms & animal tissues, organs Need optimisation to digest all organic matter

Can modify, damage or destroy plastic particles
Alkaline chemical digestion Suitable for biofilms & animal tissues, organs Need optimisation to digest all organic matter

Can modify, damage or destroy plastic particles
Enzymatic digestion Less damage to polymers

Suitable for biological matrices
Need careful optimisation
Might require several laboratory steps
More expensive
Variable enzymatic activity depending on
matrix, storage, origin

Oil extraction Suitable for aqueous media
Separates microplastics from inorganic matter
Compatible with FT-IR

Possible damage of low melting point polymers
Particles must be sufficiently hydrophobic to be
extracted by oil

Methods of detection/
identification/quantification

Optical vibrational
spectroscopy
Micro-FTIR spectroscopy Identifies polymer

Selective & reproducible detection
Requires small sample amounts
Requires limited sample preparation
Non-destructive
FTIR-microscopy can identify individual particles with sizes down to
around 2 microns and quantify the number of particles of each type

Able to localise debris in living organisms

May not be reliable on weathered samples,
degraded samples or mixed polymer
samples.

FTIR-microscope combination are expensive

Micro-Raman spectroscopy Identifies polymer
Selective & reproducible detection
Requires small sample amounts
Requires limited sample preparation
Partially non-destructive
Raman-microscopy can identify individual sub-micron particles and
quantify the number of particles of each type

Able to localise debris in living organisms

Auto-fluorescence of samples may mask the
Raman signal

May not be reliable on weathered samples,
degraded samples or mixed polymer
samples

Samples may be damaged by extended laser
exposure

Time consuming for wide area imaging
Raman-microscope instruments are expensive

Thermal analysis
Differential scanning
calorimetry (DSC)

Fast, simple
Identifies polymers using reference materials

Limited application to mixtures of polymers

Pyrolysis gas
chromatography-mass
spectrometry (Py-GC-MS)

Identifies polymers and organic additives
Quantifies small quantities in mass concentration (<0.5 mg)
Requires limited sample pre-treatment
Suitable for biological matrices and screening of environmental
samples

Time consuming
No data on particle number, size & shape
Need an expert operator
Manual manipulation of sample required which
limits lower particles size to fractions of mm

Fluorescent tagging with Nile
Red

Detects & quantifies particles 20 µm – 1 mm
Low cost
Semi-automated

Not reliable with weathered samples
Residual organic matter in background matrix
may become stained producing false
positives

Not able to identify polymer types, needs
additional instrumentation e.g IR
spectroscopy

Dye fluorescence may prevent identification by
Raman spectroscopy

Time-of-Flight Secondary Ion
Mass Spectrometry (ToF-
SIMS)

High spatial resolution imaging possible
Suitable for mixtures of particles
Able to detect particles in the low µm range
Can potentially provide information on inorganic and organic chemical
contaminants (heavy metals)

Identifies polymers

Complex to use
High cost
Relative quantification of different polymers is
usually not possible due to matrix effects

Identification complicated by weathering or by
surface contaminants

Sample must be vacuum compatible
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dense materials. Depending on the size and density
particles sedimentation/flotation may be achieved
using normal gravitation force but may be accelerated
by the appropriate use of laboratory centrifuges. The
use of density separation methods is quite simple and
safe to implement and has a relatively low cost.

Matrix dissolution. When the microplastics are
present in complex biological matrices such as bio-
films, animal tissue and organs, the previously
described physical separations processes may not
be effective, hence a more invasive method may
rather be required. For microplastics, three options
are commonly considered for simplifying or elimi-
nating undesirable organic material from analytical
samples:
Acidic chemical digestion. The use of acid digestion
is well known in analytical chemistry for trace ele-
ments and has also been proposed for microplastics
(Miller et al. 2017). Typically, the procedures involve
oxidative acid treatments with various combinations
of HCl, HNO3, HClO4 and HClO with and without
H2O2. Although a number of polymers types are
resistant to such aggressive conditions, there are
reports saying that these methods can result in vary-
ing levels of modification, damage or total destruc-
tion of plastic particulates (Enders et al. 2016).
Alkaline chemical digestion. Alkaline digestion
using concentrated solutions of bases such as
NaOH, KOH or tetramethylammonium hydroxide
is reportedly effective for hydrolysing complex bio-
logical matrices materials such as animal tissue and
organs. A comparison of basic and acid digestion
processes (Enders et al. 2016) shows that alkaline
digestion can be used with a greater range of poly-
mers and present a lower risk of chemically mod-
ifying or structurally damaging particulates.
Enzymatic digestion. For samples rich in biological
material, a valid alternative to chemical digestion is
the use of enzymes (Catarino et al. 2017; Löder et al.
2017). The major advantage of enzymatic digestion
is that it is relatively non-aggressive making it unli-
kely to damage the commonly used polymer materi-
als, as well as being intrinsically safer for laboratory
workers. The disadvantages are that enzymes are
specific to certain types of matrices (proteins, carbo-
hydrates, fats etc.) and complex samplesmay require
the use of several sequential steps to adequately
remove the matrix components. Additionally,

enzymes are sensitive to their environment, they
may have variable activity depending on their type
and origins, and their specific activity can change
during storage. Finally, the costs of enzymatic diges-
tion can be significantly higher than those of chemi-
cal digestion.

Oil extraction. Many plastics are relatively hydro-
phobic in comparison with mineral particulates,
and this may be used to extract them from aqu-
eous media preferentially. In the work of Crichton
and coworkers (Crichton et al. 2017), the oleophi-
lic properties of microplastics have been exploited
to separate the plastic from aqueous media by
preferential partitioning them into the water-
immiscible oil. The method is reported to be
compatible with subsequent Fourier Transform
Infra Red Spectrophotometry (FTIR).

Methods of detection, identification and
quantification of microplastics
The different polymer types, colours, shapes, frag-
mentation and surface degradation due to weath-
ering and additives make it difficult to assess and
classify microplastics (Shim et al. 2017) by mea-
surement procedures which are solely based on
microscopy methods. Therefore, other methods
need to be applied to detect, identify and quantify
microplastics particularly when they are present in
complex environmental, biological or food
matrices. Although different analytical methods
are described below, their performance (e.g. sensi-
tivity, selectivity, limits of detection and quantifica-
tion) for the characterisation of plastic particulates
are yet to be optimised and validated. Also each
method can have specific measurement limitations
and hence a minimum of two methods should be
used when it is desired accurately to confirm the
presence and identity of micro-plastics.

Optical vibrational spectroscopy. The characteri-
sation of polymers has for many years relied on
optical spectroscopy methods to provide informa-
tion on the identity and chemical compositions of
polymeric materials. The two main techniques are
Infrared Spectroscopy (IR) and Raman
Spectroscopy. Both techniques are based on irra-
diating the sample to stimulate molecular vibra-
tions and to produce an optical spectrum. This

664 B. TOUSSAINT ET AL.



spectrum contains a variety of peaks forming
a fingerprint which can be compared with spectral
libraries to identify the polymer.

These methods are considered to be selective and
reproducible, require small sample amounts and
limited sample preparation, and are non-intrusive
and mostly non-destructive. Their integration with
optical microscopy has permitted their use with
increasing small samples or localised regions of
interest which are suited for the detection and iden-
tification of microplastics. However, microplastics
present in the environment are often subject to UV-
induced photodegradation. Spectra obtained on
such weathered or partially degraded plastic parti-
cles, as well as mixed samples, can be significantly
different from the reference spectra obtained on the
pristine plastic particles, hence making the identifi-
cation process a challenging task (Lenz et al. 2015;
Karami et al., 2017; Rocha-Santos and Duarte 2017).
Infrared spectroscopy. The majority of today’s
infrared spectrometers use integrated interferom-
eters to acquire spectra. These systems are com-
monly referred to as Fourier Transform Infrared
Spectrophotometers (FTIR). The instrument can
collect high-resolution spectral data simulta-
neously over a wide spectral range.

For the identification of microplastics in the
upper size range (> 500 µm), procedural modifica-
tions or specialised accessories (Attenuated Total
Reflectance-FTIR) (Jung et al. 2018) permit con-
ventional FTIR spectrometers to be used directly
with individual particles. For smaller particles or
for more routine applications, it has become com-
mon practice to use instruments which combine an
optical microscope with a narrow focused incom-
ing infrared beam which illuminates a small
selected region of the sample. This ‘point-and-
shoot’ method is often combined with a micro
manipulated optics and motorised sample stage
movement permitting automated 2-D area analysis.
Raman spectroscopy. Raman spectroscopy is
a laser-based method that provides better resolu-
tion than IR spectroscopy. It is well suited to focus
on small regions of a sample and can address the
identification of microplastics as small as 1 µm
(Rocha-Santos and Duarte 2017; Schymanski
et al. 2018). The Raman spectrum yields similar,
but complementary, information to that found
with FTIR. It may also be combined effectively

with optical microscopy and together with FTIR
has become is one of the techniques most widely
used for qualitative analysis and characterization
of microplastics. In particular, the ability to loca-
lise the illuminated region make it suitable to
tackle the issue of locating microplastics in the
variety of media background in which plastic deb-
ris can be found, being also able to track down
microplastics in living organisms via microscopy
imaging (Rocha-Santos and Duarte 2017).

Thermal analysis. Among the novel techniques
for the identification and quantification of plastic
fragments we can find thermo-analytical techni-
ques, in which the physicochemical properties of
microplastics are correlated to their thermal stabi-
lity and measured in function of time or tempera-
ture in the presence of an inert gas (Dümichen
et al. 2015; Käppler et al. 2016; Shim et al. 2017).
Thermal analysis techniques hyphenated with gas
chromatography-mass spectrometry (GC-MS) can
concurrently analyse microplastics additives (Silva
et al. 2010; Rocha-Santos and Duarte 2017; Shim
et al. 2017). Obviously, a limitation of these tech-
niques is that they are destructive and do not
provide data on the size and shape of the plastic
fragments examined and only give mass concentra-
tion results (Käppler et al. 2016; Shim et al. 2017).

● Differential scanning calorimetry (DSC) is
a fast and relatively simple technique that
implies the use of reference materials (such as
polyethylene beads) to allow the identification
of primary microplastics (Shim et al. 2017).

● Pyrolysis gas chromatography-mass spectrome-
try (Py-GC-MS) offers the possibility of mea-
suring small quantities of microplastics in
complex matrices usually without sample pre-
treatment (Shim et al. 2017). As thermal
decomposition of all microplastics occurs at
a similar temperature (350 °C to 450 °C),
a separation of the decomposition product is
needed (GC-MS). Py-GC-MS allows the mea-
surement of samples smaller than 0.5 mg,
which is around 200 times less than the typical
sample mass required for thermogravimetric
analysis (TGA). It is usually coupled with an
FTIR or mass spectrometry. Environmental
samples spiked with polyethylene (PE),
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polyvinylchloride (PVC), polypropylene (PP),
polyethylene terephthalate (PET), polystyrene
(PS) and polyamide (PA) have been success-
fully identified (Dümichen et al. 2015; Rocha-
Santos and Duarte 2017; Shim et al. 2017). This
technique is time consuming and needs an
expert operator. It could be used as the screen-
ing method of bulk environmental samples.

Fluorescent tagging with Nile Red
Nile Red is a lipophilic dye that has been suggested
as a tool for fluorescently labelling of microplastics
when irradiated with blue light. This method is
used to detect and quantify small microplastics
(PE, PP, PS, and nylon-6 type microplastics, from
20 μm to 1 mm) in environmental samples (Erni-
Cassola et al. 2017; Maes et al. 2017; Shim et al.
2017). The Nile Red staining method is inexpen-
sive, uses readily available equipment, and can be
semiautomated for sample analysis. The method
requires a sample purification step, fluorescence
microscopy (green fluorescence protein settings),
and suitable image analysis software.

Selective fluorescent tagging of microplastics
using Nile Red and the subsequent density separa-
tion and filtration on a black polycarbonate (PC)
filter paper have been recently reported in the
literature (Erni-Cassola et al. 2017; Maes et al.
2017; Shim et al. 2017).

Shim et al. (Shim et al. 2017) were able to obtain
fluorescence for expanded polystyrene (EPS), poly-
propylene (PP), polyethylene (PE), high density poly-
ethylene (HDPE), poly(ethylene-vinyl acetate)
(PEVA), polycarbonate (PC) and polyurethane (PU)
particles. Nile Red was unnecessary to identified
polyester (PES), polyamide (PA) and polyethylene
terephthalate (PET) as they were detectable with
blue fluorescence. Other authors (Erni-Cassola et al.
2017) have also reported the detection of Nylon-6,
polyvinyl chloride (PVC) and black tire rubber.

However, the elimination of organic matter, that
could be stained with Nile Red and lead to an over-
estimation of the microplastic amount, is a crucial
step. Digestion with hydrogen peroxide (H2O2) is
preferred (Erni-Cassola et al. 2017; Shim et al. 2017)
over treatment with nitric acid, which is highly effi-
cient at eliminating organic matter but can damage
pH-sensitive plastic polymers. Unfortunately,

presently, no digestion method can assure the com-
plete removal of organic matter, hence false positives
in Nile Red staining could still occur. Alternatively,
Raman spectroscopy can also be used to confirm
that the fragments stained with Nile Red are only
synthetic polymers (Erni-Cassola et al. 2017).
A combination of fluorescence analysis followed by
FT-IR with a fluorescence filter has also shown to be
useful in the identification of microplastic samples.

Another difficulty is to identify very weathered
plastic samples. Previous studies (Shim et al. 2017)
have shown that is necessary to take into account
the fact that photo-oxidation of plastics caused by
weathering might modify the stainable surface and
might affect the intensity of emission influenced
by the colour of the plastic fragments.

Advanced or novel methods
Although the previously described optical spectro-
scopy methods dominate the characterisation of
microplastics, alternative methods are considered
to tackle particles in the low micrometre range
and nanoparticles that cannot be resolved from
the food matrix, or when information on chemical
contaminants may be relevant. One such method
which has recently been reported is Time-of-Flight
Secondary Ion Mass Spectrometry (ToF-SIMS).

The ToF-SIMS technique gives information on
the chemical composition of the near-surface
regions (<5 nm depth) of solid samples by bombard-
ing the sample surface with a finely focused pulsed
ion beam. The sputtered material is then analysed in
a time-of flight mass spectrometer providing infor-
mation about the elemental andmolecular composi-
tion of the sample. This technique offers promise for
the analysis of microplastics (Jungnickel et al. 2016).
In particular, it is also capable of detecting elemental
contaminants such as heavy metals. The main dis-
advantages of the technique are that the instrumen-
tation is complex and expensive and that the
identification of polymers itself from the mass spec-
tra can be greatly complicated by the presence of
surface contaminates or weathering.

Average consumption of food products and global
exposure

In addition to the needs for a proper definition of
microplastic and for standardised methodologies,
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it also important to address the variety of food
product consumption around the world.

Some studies have estimated the yearly human
exposure to microplastics caused by the consump-
tion of mussels, considered potentially as the most
contaminated food. According to one of those stu-
dies, results ranged from 123 microplastic particles/
year/capita in the UK to 4 620 particles/year/capita
in Belgium, France or Spain, where shellfish con-
sumption is higher (Catarino et al. 2018). Other
authors estimated human exposure to 11,000 parti-
cles/year/capita via mussels consumption (Van
Cauwenberghe and Janssen 2014). EFSA also esti-
mated that a 225 g portion of Chinese mussels would
lead to the ingestion of 900 plastic particles (EFSA
2016). Considering one portion per month during
one year, the consumption would rise to 10,800 par-
ticles/year/capita. Therefore, the variability of the
number of particles/year/capita is high, depending
on the country and the nutritional habits.

Another study used the recommended maxi-
mum daily dose to estimate the yearly exposure
to microplastics in salts (sea and well salts) in
Spain. The exposure was estimated up to 510 par-
ticles/year/capita, using the OECD recommended
maximum daily dose of salt (5 g of salt per day)
(Iñiguez et al. 2017). However, the recommended
daily dose does not necessarily reflect the real
consumption of those products. Kosuth et al.
(2018) also tried to sum the average consumption
of microparticles based on consumer guidelines:
Their results indicated a ingestion of over 5
800 particles/year/capita considering together the
contributions from salt (contributing for 3% of the
total number of particles), beer (9%) and drinking
bottled water (88%). They did not referenced the
considered consumer guidelines.

Also for some products, it can be very difficult
to estimate the average consumption/year. For
instance, a study on canned sardines and sprats
estimated an average intake of 1 to 5 particles of
microplastics/year/capita (Karami et al. 2018).
However, the authors assumed a world average
consumption of sardines (around 90 g/year/
capita), thus averaging those that eat canned fish
every week with those that never eat it.

Nevertheless, beyond these difficulties, it would
be useful to estimate the total microplastic con-
tamination level in a human diet by taking into

account the average consumption of food pro-
ducts per region. Food products that present low
contamination or consumption levels compared to
mussels, might together contribute significantly to
the global human exposure. However, the high
variability of the results available today does not
allow yet such an estimation.

In terms of relative comparison, it is possible for
example to compare the order of magnitude of
microplastic exposure from the consumption of
mussels to another major sources of plastic exposure
from the environment, such as indoor air. Catarino
et al. measured the amount of household dust fibres
falling out during the preparation and consumption
of a meal on a surface of a regular plate of 12.5 cm of
radius, in 3 households in Scotland. They estimated
that the human exposure to these fibres was between
13 731 and 68 415 microplastics/year/capita. The
microplastic exposure from household dust is then
15 to 112 times higher than the exposure due to
mussel consumption, estimated in the same study
between 123 in UK and 4 620 microplastics/year/
capita in other countries with higher shellfish con-
sumption (Catarino et al. 2018).

On the other hand, Van Cauwenberghe et al.
(2014) estimated a much higher human exposure
from the consumption of mussels with 11 000
microplastic particles/year/capita in Europe, level
that is closer to the exposure from household dust.

Furthermore, if we consider that the proportion
of microplastic fibres is usually around one third
of the total amount of fibres in indoor dust fallout,
as reported by Correia Prata in 2018 (29% of
microplastic in dust) and by Dris et al. in 2017
(33% of microplastic in dust), the data on micro-
plastic exposure from household dust reported by
Catarino et al. would be lowered to between 4 577
and 22 805 microplastics/year/capita. Therefore,
depending on the studies, it becomes very difficult
to conclude if the plastic ingestion related to mus-
sel contamination is lower or equivalent compared
to the plastic ingestion via dust fallout during
a meal.

Thus, the necessity to retrieve all consumption
data per region, the high variability of the avail-
able contamination levels (due to the absence of
harmonised definition and methodologies as
described above) do not allow at present any cal-
culation of a total exposure to microplastics/year/
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capita through the diet, nor its comparison with
other sources of contamination to evaluate its
impact.

In addition, we have so far considered the word
‘exposure’ stricto senso, as the amount of microplas-
tics that come in contact with human beings via food
and beverages and that might be ingested. We did
not consider the amounts of microplastics (or nano-
plastics) that finally end up in the body cells, in the
blood stream or in the faeces. The absorption rate,
excretion rate and toxicity depend on many factors
(age, sex, disease, genotype, physical activity,…) and
are not in the scope of this report.

Conclusions

There is a growing concern about the impact of
human activities on the whole life chain, and there
is a legitimate concern that the smaller plastic
fraction, through bioaccumulation and trophic
transfer, may ultimately contaminate the human
population. However, in contrast to the visible
presence of massive amounts of litter, there is
presently very little understanding of the extent
of environmental contamination of micro- and
nanoplastics and the toxicological effects of micro-
plastics and nanoplastics ingestion on humans are
still not demonstrated.

Risk assessment and risk management rely on
reliable exposure data, and therefore, we reviewed
here the available data on the presence of micro-
and nanoplastic particles in food chain samples for
their reliability. We conclude that, presently, it is
impossible to assess human exposure to micro- and
nanoplastics through food consumption due to the
lack of validated methods (and certified reference
materials) and due to the lack of standardisation
across the analytical procedures used in the report-
ing. It must be underlined that the definition of
what is intended to be measured (the measurand) is
essential for the development of a measurement
method and the absence of such an internationally
accepted definition for micro- and nanoplastic par-
ticles is the first gap towards the adequate measure-
ment of the occurrence of those particles.

Given the large variety of particles in size, shape
and composition, the adsorption of other pollu-
tants and the dynamic change of their distribution

in our environment depending on the human
activities, the development of fit-for-purpose stan-
dardised methods constitutes a challenge.

The calibration of such standard methods
requires the use of reference materials, where the
type of particle and their concentration is precisely
known. Different reference materials should be
developed for different polymers in different
matrices. The adsorption of chemicals and micro-
organisms or the leaching properties of such materi-
als must accurately mimic the adsorption and
leaching properties of particles in the natural envir-
onment. Comparisons between prepared reference
materials and naturally occurring particles must be
performed (similar to commutability studies which
compare incurred serum samples to patient samples
in a clinical analysis).

Finally, to monitor the contamination by
micro- and nanoplastics, a significant number of
samples must be collected, representative of an
environmental area or a population, using stan-
dard sampling protocols that avoid further con-
tamination. Laboratories must be equipped with
a clean zone, and protocols devoid of cross-
contamination (e.g. contamination of blank sam-
ples) must be established.

The lack of reliable occurrence data in food, of
standardisation of the analytical methods and of
toxicological research on humans and animals are
also reported in the EFSA report (EFSA 2016). At
the current stage of knowledge, estimates exist,
made by extrapolation of small sample size analysis
and, comparison of contamination levels from food
or air dust. However, no accurate answer can thus
be given, neither to the question of how much
microplastic we may consume through a normal
diet nor to the question of how it may affect us.
Until standardised analytical methods and refer-
ence materials are available, the data produced
will not be representative and significant.
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